Background: The use of "hospitalists", a staffing innovation introduced in the US health care system in the mid-1990s, has grown rapidly in recent years. These hospital-based physicians have been found to be more efficient (reduced length of stay and costs) compared to their nonhospitalist counterparts. However, these studies have generally been conducted on single teaching or pediatric hospitals. Purpose: This study explored the association between the use of hospitalists and efficiency, as measured by length of stay (LOS), operating costs per inpatient day, and registered nurse (RN) staffing per bed. Materials and methods: A panel-design regression with hospital and year-fixed effects was conducted among a national sample of medical surgical acute care hospitals operating in the US between 2007 and 2010. Three separate fixed-effect regressions models were used for each of the three dependent variables: LOS, operating costs per inpatient day, and RN staffing per bed. Results: Our findings indicate that high hospitalist staffing intensity (hospitalist full-time equivalents per 1,000 adjusted inpatient days) is associated with lower LOS, but also higher operating costs and RN staffing per bed. Conclusion: Hospital managers should consider the potential implications of hospitalist use as an innovation strategy. While hospitals with higher hospitalist staffing intensity may experience lower LOS, this may come at the expense of increased operating costs and RN staffing.
Introduction
The health care industry is quite dynamic, and constantly experiences various types of innovations. Some of these innovations are more successful than others. Electronic health records, patient portals, accountable care organizations, telemedicine, regenerative medicine, and other biomedical innovations are some of the innovations the health care industry has seen in the last decades. The use of "hospitalists" is a staffing innovation that US hospitals started adopting in the mid-1990s. Hospitalists are a group of hospital-based physicians who specialize in the practice of hospital medicine. 1, 2 Hospitalists represent several different specialties, such as cardiology, family practice, gastroenterology, general internal medicine, gynecology, neurology, pediatrics, pulmonology, and surgery; however, general internal medicine accounts for about 75% of hospitalists. [3] [4] [5] For the past two decades, this staffing strategy has grown rapidly in the US, from fewer than 1000 practicing hospitalists in the mid-1990s 6 to 40,687 practicing hospitalists in 2012. 7 Stakeholders in the US hospital industry are increasingly focusing on improving quality of care while reducing costs. This is in part being fueled by the Affordable Care Act and the value-based purchasing program, which reward providers who are able to provide high-quality care at lower cost. 8 As such, hospitals have a growing interest in the use of hospitalists as an innovative staffing strategy that has the potential of increasing efficiency (reduced length of stay [LOS] and lower costs), while achieving similar or better health outcomes. As hospitals are under increasing pressure to provide value-based care, and given the growing use of hospitalists, it is important to determine whether the use of hospitalists results in increased hospital efficiency.
Prior literature has shown that compared to nonhospitalists, hospitalists are more efficient by reducing LOS [9] [10] [11] [12] [13] [14] [15] and costs, [9] [10] [11] [12] 15 while providing similar or better quality (readmissions and mortality rates) [15] [16] [17] [18] [19] [20] [21] [22] [23] and patient satisfaction 15, 24 compared to their nonhospitalist counterparts. However, a few studies have found hospitalists to have no significant reduction in LOS 21, 23 and/or costs. 13, 21, 23, 25, 26 Most prior studies have been done at the patient level, and have not examined the effect of hospitalist use on hospital-level outcomes. Examining whether the observed patient-level benefits hold at the organizational level can inform policy makers and hospital leadership on the organizational benefits of this innovative staffing strategy. Additionally, most studies to date on hospitalists have been cross-sectional single-hospital studies, generally performed among teaching or pediatric hospitals. To fill this gap in the literature, our longitudinal study aimed to explore the relationship between the use of hospitalists and efficiency, as measured by LOS, operating costs, and registered nurse (RN) staffing per bed using a national sample of US medical surgical acute care hospitals operating in the US between 2007 and 2010.
conceptual framework
Agency theory is used to assess the association between hospital use of hospitalists and efficiency. The agency relationship is as old as there have been social interactions between two or more parties (the principal and the agent), one acting on behalf of the other. 27 Agency theory suggests the establishment of a contract between the principal (hospital), who hires, contracts, and delegates decision-making authority, and the agent (hospitalist), who acts for, on behalf of, or as a representative for the principal. The contractual arrangement helps to guarantee that the agent acts in the best interest of the principal's welfare. The advent of hospitalists has created a shift from the traditional model in the relationship between hospitals and physicians, ie, from two independent 28, 29 and often conflicting [30] [31] [32] entities with misaligned goals and conflict of interest 30, [33] [34] [35] to a better-integrated and collaborative partnership between these two entities. This partnership/relationship is now better codified by hospitalist contractual arrangements. [36] [37] [38] [39] Agency theory suggests the establishment of a contract between the principal and the agent, coupled with incentives, as a mechanism to align the agent's goals to that of the principal. 40 Over the last two decades, there has been a growing trend for physicians' integration/alignment with hospitals, 41 and the use of hospitalists has increasingly become one such strategy. It is believed that to the extent that hospitals are able to align their goals with those of the hospitalist, they may become more efficient.
As hospitalists spend 80% or more of their time in the hospitals, they may have increased real-time reaction to clinical data [42] [43] [44] compared to community physicians (nonhospitalists). This may enable hospitalists to provide adequate inpatient care in a timely manner, and may result in earlier discharges without negatively impacting health outcomes. This is supported by prior studies, suggesting that hospitalists are able to reduce LOS compared to nonhospitalists within the same hospital.
11,14-16, 18 We consequently hypothesize that: -H 1 -an increase in hospitalist staffing intensity is associated with lower LOS. Given that hospitalists spend a considerable amount of time at the bedside, they are able to streamline and better control the process of care, avoiding unnecessary and duplicate services, such as lab tests and other medical procedures. As such, hospitalists can potentially reduce costs of care. Furthermore, as hospitalists reduce LOS, the need for additional support clinical personnel may be reduced, which may in turn reduce RN staffing needs. It is therefore hypothesized that: -H 2 -an increase in hospitalist staffing intensity is associated with lower operating costs, and -H 3 -an increase in hospitalist staffing intensity is associated with lower RN staffing per bed.
Materials and methods Data
Data sources for this study included the American Hospital Association (AHA) Annual Survey, Area Health Resource File (AHRF), Centers for Medicare and Medicaid Services (CMS) cost reports, and case-mix index (CMI) files. The AHA survey provided demographics, organizational structure, utilization, physician arrangements, and staffing information. 45 The AHRF data set provided county-level 
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Hospitalists as a staffing innovation information on health facilities, health professions, measures of resource scarcity, economic activity, and socioeconomic and environmental characteristics, such as Medicare managed care penetration, per-capita income, and geographic location. 46 Medicare cost reports provided financial as well as some utilization information. 47 The CMS CMI file provided case-mix data for each hospital. Our study was deemed exempt in terms of human subjects by the University of Alabama at Birmingham Institutional Review Board.
The sample for this study consisted of a national sample of medical surgical acute care hospitals operating in the US between 2007 and 2010. After merging all data sets (AHA, AHRF, CMI, and Medicare cost reports), the sample consisted of 18,487 hospital-year observations (4,622 hospitals per year on average). There were 617 duplicate observations that were deleted, which reduced our sample to 16,021 hospital-year observations (4,005 hospitals per year on average). There were 367 hospitals that reported using hospitalists, but also reported no or missing full-time equivalent (FTE) hospitalists; these observations were deleted, resulting in a sample of 14,553 hospital-year observations (3,638 hospitals per year on average). After deleting observations with missing dependent variables, our final sample consisted of 14,055 hospital-year observations (3,514 hospitals per year on average). Specialty and long-term-care hospitals were not included in our sample, given their unique operating environment. 
Variables
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Epané and Weech-Maldonado of part-time RNs. LOS (interquartile range 1.5) and operating costs (interquartile range US $1,196) were log-transformed to reduce skewness. The independent variable is a categorical measure of hospitalists' staffing intensity, operationalized as: no hospitalists, and low, medium, and high number of FTE hospitalists per 1,000 adjusted patient days. Low hospitalist staff intensity represented the lowest quartile of FTE hospitalists per 1,000 adjusted patient days (0.0003-0.04); high represented the highest quartile (0.13-24.06), and medium represented the two quartiles in between (0.05-0.12). This analysis controlled for organizational and market factors that have been associated with efficiency. [50] [51] [52] Organizational factors included occupancy rate, CMI, proportion of Medicare and Medicaid patients, and nurse staffing intensity. Market factors consisted of market competition, as measured by the Hirschman-Herfindahl Index, accounting for same-system hospitals in a given market, Medicare managed care penetration, per-capita income, and supply of physicians per 1,000 population. Given the fixed-effect regression model, which controls for observed and unobserved time-invariant factors, we did not include size, teaching status, for-profit status, or rural location as control variables, since these variables were relatively fixed during the study period.
Analysis
An analysis of variance was performed to compare organizational and market characteristics of hospitals in the different hospitalist staffing-intensity categories. Given the continuous nature of the dependent variables, the data were modeled using a panel regression with hospital and year-fixed effects. Facility-fixed effect was used to control for unmeasured time-invariant differences in efficiency at the hospital, market, or state level. This model accounts for how the change in the use of hospitalists impacts efficiency over time. The fixed-effect model assumes that there has been change in both the dependent and the independent variable over time. This assumption was tested a priori, and we found enough variation over time in the use of hospitalists by hospitals in our sample. There were 18.38% of hospitals in our sample that used hospitalists in 2007 and 37.34% in 2010, thus justifying the use of a fixed-effect model. The year-fixed effect was used to adjust for time trends that may have affected hospitals' efficiency.
Three separate fixed-effect regression models were used for each of the three dependent variables: LOS, operating costs per inpatient day, and RN FTEs per bed. Hospitalist staffing intensity was the main predictor: no hospitalists, and low, medium, and high number of FTE hospitalists per 1,000 adjusted patient days. All analyses were conducted in SAS version 9.3 and Stata version 13.
Results
The analysis of variance and frequencies for the different levels of hospitalist staffing intensity (Table 2) revealed that on average hospitals that did not use hospitalists had the highest LOS (8.2). Results indicate that the higher the hospitalist staffing intensity, the lower the LOS (4.8-4.4). Hospitals that did not use hospitalists had the lowest costs ($1,633), RN staffing per bed (1.2), occupancy rate (51%), and CMI (1.3), and were located in markets with the lowest competition (0.8), Medicare managed care penetration (18.1%), per-capita income ($33,803), and supply of physicians per 1,000 population (1.6). Higher hospitalist staffing intensity was associated with higher costs ($1,808.84-$2,535), RN staffing per bed (1.5-1.8), and the proportion of Medicare patients (46.1%-53.7%). Higher hospitalist staffing intensity was also associated with a lower supply of physicians per 1,000 population (2.9-2.5) in the market, lower proportion of Medicaid patients (23.4%-14.2%), and lower occupancy rate (65.4%-55.4%).
Our fixed-effect regression analysis (Table 3) showed that changing from no hospitalist use to high hospitalist-staffing intensity was associated with lower LOS (P,0.05), but also higher operating costs (P,0.05) and RN staffing per bed (P,0.05). Our findings also showed that changing from no hospitalist use to low and medium hospitalist-staffing intensity was not significantly associated with any of the efficiency indicators. This provided partial support for our hypotheses: H 1 was supported, while H 2 and H 3 were not.
Additionally, we found that an increase in occupancy rate was associated with an increase in LOS (P,0.01) and RN staffing (P,0.001) and a reduction in costs (P,0.001). An increase in the proportion of Medicare patients was associated with increased costs (P,0.001) and RN staffing (P,0.01). Finally, the results showed that an increase in the proportion of Medicaid patients was associated with reduced costs (P,0.05) and RN staffing (P,0.05).
Discussion
This study used agency theory to explore the relationship between hospital use of hospitalists, particularly hospitalist staffing intensity and hospital efficiency, as measured by LOS, costs, and RN staffing per bed. Our findings provide support for our first hypothesis (H 1 ), showing increased hospitalist staffing intensity to be associated with lower LOS. Notes: *P#0.05; **P#0.01; ***P,0.001; a reference group for hospitalist staffing intensity is hospitalists did not provide care; b low, medium, and high based on FTE hospitalists per 1,000 adjusted patient days. Abbreviations: SE, standard error; FTE, full-time equivalent; RNs, registered nurses; HHI, Hirschman-Herfindahl Index.
Innovation and Entrepreneurship in Health downloaded
However, high hospitalist staffing intensity was also associated with increased costs per inpatient day and RN staffing per bed, which were contrary to our last two hypotheses (H 2 and H 3 ).
Our findings suggest a nonlinear relationship between hospitalist staffing intensity and LOS. High hospitalist staffing intensity was associated with lower LOS. This suggests that simply using hospitalists may not achieve the desired outcome. Appropriate hospitalist staffing levels matter. Our findings suggest that high levels of hospitalists can lower LOS. This may be a result of reduced hospitalist workload and increased patient oversight. 53 Although low and medium hospitalist staffing intensity was associated with lower LOS, this relationship was not statistically significant. Our findings are consistent with prior studies that found hospitalists to reduce LOS. [9] [10] [11] [12] [13] However, our findings contribute to the 
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Epané and Weech-Maldonado extant literature by revealing that hospitalist staffing intensity matters as it pertains to reducing LOS. High levels of hospitalist staffing intensity were associated with higher costs and RN staffing per bed. This may be explained by the concomitant increased use of RN FTEs per bed for hospitals with high hospitalist intensity. Furthermore, these hospitals have additional staffing costs as a result of the hiring and contracting of additional hospitalists. Therefore, while a high hospitalist staffing intensity may be associated with lower LOS, the impact of lower LOS on costs may be offset by the increased RN and hospitalist staffing costs. To what extent these higher costs may impact the hospital bottom line will depend on the impact of increased hospitalist staffing intensity on revenues. The increased costs may be more than offset by increased revenues, if these hospitals are able to attract privately insured patients by differentiating themselves from their competitors based on staff quality. Our finding on costs was contrary to prior studies, which have found hospitalists to reduce costs. [9] [10] [11] [12] However, prior studies were generally limited in scope (single hospital) and settings (pediatrics or teaching). Additionally, prior studies in the exploration of the relationship between hospitalists and costs did not consider staffing intensity. Further research is needed to examine the relationship between hospitalist staffing intensity and financial performance.
A sensitivity analysis was conducted to explore if the effect of hospitalist staffing intensity on efficiency varied based on teaching status. These results revealed no association between hospitalist staffing intensity and efficiency among teaching hospitals. However, the sensitivity-analysis results for non-teaching hospitals were similar to those reported in Table 3 . Given our fixed-effect model, most of the teaching hospitals were dropped from the analysis, since these hospitals were early adopters of hospitalists and may not have experienced much change in hospitalist staffing patterns during the study period. 54 This reduced the statistical power to detect the effect of differences in hospitalist staff intensity among teaching hospitals.
Results of our covariates indicate that an increase in occupancy rate is associated with increased LOS and RN staffing per bed and lower operating costs. The increased RN staffing per bed may be explained by the increased workload associated with an increased occupancy rate. The increased LOS associated with increased occupancy may be explained by inadequate staffing, which may in turn result in lower quality of care and increased LOS. [55] [56] [57] [58] On the other hand, the lower operating costs associated with increased occupancy may be the result of economies of scale.
Our study also found an increase in the proportion of Medicare patients to be associated with higher operating costs and RN staffing. This may be explained by the greater acuity of Medicare patients, which in turn will require more clinical personnel and can result in increased costs. The reduced costs and RN staffing associated with increased Medicaid patients may be a result of hospitals with higher Medicaid population not having the necessary resources and being forced to put in place cost-containment strategies.
There are several limitations to our study. First, our study was restricted to the use of secondary data and self-reported staffing data. However, the data sets used in this analysis are widely accepted and used in the hospital literature. Second, we did not examine the potential moderating effect of covariates on the relationship between hospitalist staffing intensity and efficiency. For example, the effect of hospitalist staffing intensity on efficiency may vary based on differences in the CMI. Future studies should explore these relationships. Third, this study was limited to how hospitalists impact efficiency. Future studies should examine the effect of hospitalist use on other aspects of hospital performance, such as quality, financial performance, and patient experience. Finally, this study included data aggregated at the hospital level. Future research is needed using multilevel models to account for the effect of patient-, hospitalist-, and hospital-level factors.
Conclusion
Our study explored the relationship between hospitalist staffing intensity and hospitals' efficiency. Our results clearly indicate that while the use of hospitalists can help reduce LOS, it comes at the price of higher costs and RN staffing needs. These findings may indicate that this staffing strategy may be generally adopted by hospitals with slack resources that can afford the costs associated with the use of hospitalists.
recommendation
Our findings reveal the difficult choices hospital managerial teams may be facing. While low hospitalist staff intensity does not seem to have an impact on efficiency, high hospitalist staffing intensity can lower LOS but at increased costs and RN staffing. Further research is needed to examine the organizational factors that may explain why hospitals with high hospitalist staffing intensity experience higher costs per inpatient day and higher RN staffing per bed despite having lower LOS.
Given the unprecedented growth of the use of hospitalists, hospital managerial teams should be clear on the goal they 
7
Hospitalists as a staffing innovation intend to achieve. With the increasing debate on improving the quality of care delivered in US hospitals, particularly with respect to hospital-acquired conditions, hospitalists may serve as an innovative strategy, given their potential to reduce LOS. As hospitals reduce LOS and discharge patients sooner, this may reduce patients' risk of hospital-acquired conditions.
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